c 




OH- $I$A 



METHOD OF PRODUCING SEMICONDUCTOR DEVICES AND 



ETCHING LIQUID 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a method of producing 
semiconductor devices and an etching liquid used in this 
production . 

Description o£ Related Art 

In recent years progress has been made in device 
refinement, and gate wiring resistance, parasitic resistance 
of the source drain part of transistors, and contact 
resistance have risen accordingly. Therefore, there is a 
problem with conventional devices in that the high-speed 
operation that is anticipated based on a scaled model cannot 
actually be realized. 

As a result, silicide ( self -alignment- . silicide ) 
technology is used with which silicide film of a metal with 
a high melting point is formed in self -aligning manner on 
the gate and diffusion layer regions to realize a reduction 
in sheet resistance. In particular, titanium silicide 
(TiSi 2 ) and cobalt silicide (CoSi 2 ) are used because of low 
resistance and thermal stability. 

When titanium silicide is used there is a problem with 
the fine line effect in that it becomes difficult to reduce 
resistance due to inhibition of phase transition from the 
C49-phase titanium silicide of high resistance (C49-TiSi 2 ) to 
the C54 phase of low resistance (C54-TiSi 2 ) when titanium 
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silicide is formed on a fine pattern. Moreover, it is a 
known fact that there is a dramatic increase in sheet 
resistance of titanium silicide due to aggregation of 
titanium silicide and disconnection of the silicide layer 
when lines are as fine as 0.1 pm. Consequently, it is 
necessary to control the fine line effect and aggregation of 
titanium silicide when titanium silicide is used. 

When cobalt silicide is used, there is none of the fine 
line effect that is generated when titanium silicide is 
used. In particular, it is reported in I EDM Tech Dig., p 
449, 1995 that a reduction in resistance with up to fine 
lines of 0.075 pm can be realized by forming titanium 
nitride film as the cap film on the top surface of cobalt 
and thereby inhibiting oxidation of the cobalt surface with 
this cap film. 

Therefore, it appears that cobalt salicide technology 
using titanium nitride cap film is useful for the formation 
of fine devices of 0.1 pm. 

A conventional method of producing semiconductor 
devices using cobalt salicide technology will be described 
below while referring to Figure 3. Figures 3(A) through (F) 
are a flow chart that explains the production processes of 
this conventional technology. Each figure. is a cross 
section of the semiconductor device. 

First, as shown in Figure 3(A), diffusion layer 102 and 
field insulation film 104 are formed on the surface region 
on the top of substrate 100, while gate insulation film 106 
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is formed on the top of substrate 100 and gate electrode 108 
is formed on the top of gate insulation film 106. Side 
walls 109 are then set up as usual. 

Next, as shown in Figure 3 (B) , cobalt film 110 is 
formed so that it covers substrate 100, diffusion layer 102, 
field insulation film 104, gate insulation film 106, gate 
electrode 108, and side walls 109 and titanium nitride film 
112 is formed as cap film so that it covers the top of 
cobalt film 110. 

Next, as shown in Figure 3(C), cobalt film 110 
adjoining diffusion layer 102 and diffusion layer 102 and 
cobalt film 110 adjoining gate electrode 108 and gate 
electrode 108 are each reacted by RTA (rapid thermal 
annealing) at a temperature within a temperature range of 
450°C to 600°C to form CoSi layers 114a, 114b and 116. This 
RTA treatment serves as the first RTA. 

Then, as shown in Figure 3(D), titanium nitride film 
112 is removed using an ammonia-hydrogen peroxide-water 
mixture . 

Next, as shown in Figure 3(E), unreacted cobalt film 
110 is removed using a sulfuric acid-hydrogen peroxide-water 
mixture (H 2 S0 4 -H 2 0 2 (sulfuric acid hydrogen peroxide mixture)) 
or hydrochloric acid-hydrogen peroxide-water mixture (HC1- 
H 2 0 2 -H 2 0) . 

Finally, as shown in Figure 3 (F) , CoSi layers 114a, 
114b, and 116 are reacted by performing RTA at a temperature 
within a temperature range of 750°C to 900°C to form CoSi 2 
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layers 114a' , 114b 1 , and 116'. This RTA treatment serves as 
the second RTA. 

It has been confirmed by SEM (scanning electron 
microscope) observation of CoSi 2 layer parts 114a 1 , 114b' , 
and 116 1 that the edges of the CoSi 2 layers have been worn 
away in semiconductor devices produced using prior art. 

Figure 4 is a typical example of the edges of the CoSi 2 
from SEM observation. Moreover, Figure 4 is an enlargement 
of the main parts of the figure during process (F) in Figure 
3. The dotted line 'a' shows the part where edges have been 
worn away by the above-mentioned etching. 

There are problems when the CoSi 2 is worn away in this 
manner in that COSi 2 sheet resistance increases and the 
fluctuations in resistance become larger, etc. The reason 
for this is that when titanium nitride film is removed with 
a sulfuric acid-hydrogen peroxide-water mixture, the film is 
etched up to the CoSi layer, which is on the bottom of the 
titanium nitride film, and as a result, the CoSi film 
becomes thinner, and the CoSi 2 film that is then formed by 
the second RTA treatment becomes even thinner. 

SUMMARY OF THE IN V ENTION 

The object of the present invention is to present an 
etching liquid with which titanium nitride film can be 
removed without thinning of the CoSi layer thin. 

Moreover, another object of the present invention is to 
present a method of producing semiconductor devices using 
the above-mentioned etching liquid. 
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According to an aspect of the present invention, the 
etching liquid for removal of titanium nitride film on the 
top of the cobalt film or CoSi layer is a hydrogen peroxide- 
water mixture. 

When a hydrogen peroxide-water mixture is used in this 
way, etching of the CoSi layer can be controlled and 
therefore, thinning of the CoSi 2 layer can be prevented. 
That is, it is possible to avoid an increase in sheet 
resistance and an increase in fluctuations in resistance of 
the CoSi 2 . 

According to another aspect of the present invention, a 
hydrogen peroxide-water mixture serves as the etching liquid 
for removal of the titanium film on the top of the cobalt 
film or CoSi layer. 

When a hydrogen peroxide-water mixture is used in this 
way, etching of the CoSi layer can be controlled and 
therefore, thinning of the CoSi 2 layer can be prevented. 
That is, it is possible to avoid an increase in sheet 
resistance and an increase in fluctuations in resistance of 
the CoSi 2 . 

According to another aspect of the present invention, a 
hydrogen peroxide-water mixture (also referred to as 
peroxide mixture) is used as the etching liquid for removal 
of titanium nitride film in the method of producing 
semiconductor devices by cobalt salicide technology with 
titanium nitride film as the cap film. 
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Thus, it is possible to remove titanium nitride film 
without effecting the cobalt film or the CoSi layer when a 
hydrogen peroxide-water mixture is used. 

Moreover, the concentration of the hydrogen peroxide- 
water mixture should be within a range of 1 to 30 vol% 
hydrogen peroxide in terms of water. 

The etching speed can be controlled, and it is possible 
to remove titanium nitride film without removing the cobalt 
film or the CoSi layer, even if the etching liquid comes 
into contact with the cobalt film or CoSi layer, when the 
concentration is kept within this range. 

Moreover, the preferred concentration of the hydrogen 
peroxide-water mixture is within a range of 10 to 20 vol% 
hydrogen peroxide in terms of water. 

The titanium nitride film can be efficiently removed 
when concentration is kept within this range. 

Furthermore, • according to another aspect of the present 
invention, there is provided a method of producing a 
semiconductor device. The method comprises the steps of 
forming cobalt film on the top of a silicon substrate, which 
has a gate electrode and a diffusion layer, forming titanium 
nitride film as the cap film on the top of this cobalt film, 
selectively reacting the silicon of the silicon substrate 
and the cobalt of the cobalt film, and removing the titanium 
nitride film using a hydrogen peroxide-water mixture. 

By using this type of production method it is possible 
to remove the titanium nitride film without etching the CoSi 
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layer that has been produced as a result of the reaction or 
the unreacted cobalt film, which are on the bottom of the 
titanium nitride film. 

Moreover, since the titanium nitride film can be 
removed in this way without affecting the cobalt film or the 
CoSi layer, it is possible to prevent thinning of the CoSi 2 
layer with the second RTA. That is, it is possible to avoid 
an increase in sheet resistance and an increase in 
fluctuations in resistance of the CoSi 2 . 

By means of the method of producing semiconductor 
devices by cobalt salicide technology with titanium film as 
the cap film of the present invention, a hydrogen peroxide- 
water mixture is used as the etching liquid for removal of 
the titanium film. 

When a hydrogen peroxide-water mixture is used in this 
manner, it is possible to remove the titanium film without 
affecting the cobalt film or the CoSi layer. 

Moreover, the concentration of the hydrogen peroxide- 
water mixture should be within a range of 1 to 30 vol% 
hydrogen peroxide in terms of water. 

The etching speed can be controlled, and it is possible 
to remove the titanium film without removing the cobalt film 
or the CoSi layer, even if the etching liquid comes into 
contact with the cobalt film or CoSi layer, when the 
concentration is kept within this range. 
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Moreover, the preferred concentration of the hydrogen 
peroxide-water mixture is within a range of 10 to 20 vol% 
hydrogen peroxide in terms of water. 

The titanium film can be efficiently removed when the 
concentration is kept within this range. 

Furthermore, according to another aspect of the present 
invention, there is provided a method of producing a 
semiconductor device. The method comprises the steps of 
forming cobalt film on the top of a silicon substrate, which 
has a gate electrode and a diffusion layer, forming titanium 
film as the cap film on the top of this cobalt film, 
selectively reacting the silicon of the silicon substrate 
and the cobalt of the cobalt film, and removing the titanium 
film using a hydrogen peroxide-water mixture. 

By using this type of production method, it is possible 
to remove the titanium film without etching the CoSi layer 
that has been produced as a result of the reaction or the 
unreacted cobalt film, which are on the bottom of the 
titanium film. 

Moreover, since the titanium film can be removed in 
this way without affecting the cobalt film or the CoSi 
layer, it is possible to prevent thinning of CoSi 2 layer. 
That is, it is possible to avoid an increase in sheet 
resistance and an increase in fluctuations in resistance of 
the CoSi 2 . 

By means of the method of producing semiconductor 
devices by cobalt salicide technology with titanium nitride 
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film as the cap film of the present invention, titanium 
nitride film is removed by a first removal step using an 
ammonia-hydrogen peroxide-water mixture and by a second 
removal step using a hydrogen peroxide-water mixture. 

It is possible to remove the titanium nitride film 
without affecting the cobalt film or the CoSi layer by using 
this method. The etching speed on titanium nitride is 
faster with an ammonia-hydrogen peroxide-water mixture than 
with a hydrogen peroxide-water mixture and therefore, the 
titanium nitride film can be more efficiently removed than 
when only a hydrogen peroxide-water mixture is used. 

In addition, the preferred concentration of the 
ammonia-hydrogen peroxide-water mixture should be within a 
range of 1 to 30 vol% hydrogen peroxide in terms of water 
and 1 to 30 vol% ammonia in terms of water, and the 
preferred concentration of the above-mentioned hydrogen 
peroxide-water mixture should be within a range of 1 to 30 
vol% hydrogen peroxide in terms of water. 

The etching speed can be controlled, and it is possible 
to remove titanium nitride film without removing the cobalt 
film or the CoSi layer, even if the etching liquid comes 
into contact with the cobalt film or CoSi layer, when the 
concentration is kept within this range. 

The preferred concentration of the ammonia-hydrogen 
peroxide-water mixture is within a range of 10 to 20 vol% 
hydrogen peroxide in terms of water and 5 to 20 vol% ammonia 
in terms of water and the preferred concentration of the 



9 



c 



( 



above-mentioned hydrogen peroxide-water mixture is within a 
range of 1 to 30 vol% hydrogen peroxide in terms of water. 

The titanium nitride film can be efficiently removed 
when the concentration is within this range. 

Furthermore, according to another aspect of the present 
invention, there is provided a method of producing a 
semiconductor device. The method comprises the steps of 
forming cobalt film on the top of a silicon substrate, which 
has a gate electrode and a diffusion layer, forming titanium 
nitride film as the cap film on the top of this cobalt film, 
selectively reacting the silicon of the silicon substrate 
and the cobalt of the cobalt film, removing the titanium 
nitride film by a first removal step using an ammonia- 
hydrogen peroxide-water mixture, and removing the titanium 
nitride film by a second removal step using a hydrogen 
peroxide-water mixture. 

It is possible to remove the titanium nitride film 
without affecting the cobalt film or the CoSi layer by using 
this method. Moreover, the etching speed on titanium 
nitride is faster with an ammonia-hydrogen peroxide-water 
mixture than with a hydrogen peroxide-water mixture and 
therefore, the titanium nitride film can be more efficiently 
removed than when only a hydrogen peroxide-water mixture is 
used . 

By means of the method of producing semiconductor 
devices of the present invention using cobalt salicide 
technology with titanium film as the cap film, titanium film 
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is removed by a first removal step using an ammonia-hydrogen 
peroxide-water mixture and is removed by a second removal 
step using a hydrogen peroxide-water mixture. 

It is possible to remove the titanium film without 
affecting the cobalt film or the CoSi layer by using this 
method. The etching speed on titanium is faster with an 
ammonia-hydrogen peroxide-water mixture than with a hydrogen 
peroxide-water mixture and therefore, the titanium film can 
be more efficiently removed than when only a hydrogen 
peroxide-water mixture is used. 

The preferred concentration of the ammonia-hydrogen 
peroxide-water mixture should be within a range of 1 to 30 
vol% hydrogen peroxide in terms of water and 1 to 30 vol% 
ammonia in terms of water and the preferred concentration of 
the above-mentioned hydrogen peroxide-water mixture should 
be within a range of 1 to 30 vol% hydrogen peroxide in terms 
of water. 

The etching speed can be controlled, and it is possible 
to remove titanium film without removing cobalt film or CoSi 
layer, even if the etching liquid comes into contact with 
the cobalt film or CoSi layer, when the concentration is 
kept within this range. 

The preferred concentration of the ammonia-hydrogen 
peroxide-water mixture is within a range of 10 to 20 vol% 
hydrogen peroxide in terms of water and 5 to 20 vol% ammonia 
in terms of water, and the preferred concentration of the 
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above-mentioned hydrogen peroxide-water mixture is within a 
range of 1 to 30 vol% in terms of water. 

The titanium film can be efficiently removed when the 
concentration is kept within this range. 

Furthermore, according to anther aspect of the present 
invention, there is provided a method of producing a 
semiconductor device. The method comprises the steps of 
forming cobalt film on the top of a silicon substrate, which 
has a gate electrode and a diffusion layer, forming titanium 
film as the cap film on the top of this cobalt film, 
selectively reacting the silicon of the silicon substrate 
and the cobalt of the cobalt film, removing the titanium 
film by a first removal step using an ammonia-hydrogen 
peroxide-water mixture, and removing the titanium film by a 
second removal step using a hydrogen peroxide-water mixture. 

It is possible to remove the titanium film without 
affecting the cobalt film or the CoSi layer by using this 
method. Moreover, the etching speed on titanium is faster 
with an ammonia-hydrogen peroxide-water mixture than with a 
hydrogen peroxide-water mixture and therefore, the titanium 
film can be more efficiently removed than when only a 
hydrogen peroxide-water mixture is used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and 
advantages of the present invention will be better 
understood from the following description taken in 
connection with accompanying drawings, in which: 
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Figures 1(A) through 1(F) are diagrams of the processes 
involved in the production of semiconductor devices of a 
first embodiment of the present invention; 

Figures 2 (A) through (G) are diagrams of the processes 
involved in the production of semiconductor devices of a 
second embodiment of the present 'invention; 

Figures 3(A) through (F) are diagrams of the processes 
involved in the production of semiconductor devices of prior 
art; and 

Figure 4 is a diagram showing the problem points of 
prior art. 

DESCRIPTION OF T HE PREFERRED EMBODIMENTS 
Embodiments of the present invention will now be 
described while referring to the drawings. Furthermore, the 
drawings only roughly show the shape, size and position 
correlation in order to describe the present invention. 
Moreover, the conditions, such as numbers, etc., and 
materials, etc., listed below are merely examples. 
Therefore, the present invention is not limited in any way 
to these embodiments. 

Moreover, the etching rate on the titanium nitride 
film, cobalt film, and CoSi layer with an ammonia-hydrogen 
peroxide-water mixture (NH 4 OH-H 2 0 2 -H 2 0 (ammonia- hydrogen 
peroxide mixture)), sulfuric acid-hydrogen peroxide-water 
mixture, hydrochloric acid-hydrogen peroxide-water mixture, 
and hydrogen peroxide-water mixture (H 2 0 2 -H 2 0 (peroxide 
mixture)) are shown in Table 1. The volume ratios of these 
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mixtures are as given below: That is, it is NH 4 OH : H 2 0 2 : H 2 0 = 
1:1:5 with the ammonia-hydrogen peroxide-water mixture. The 
volume ratio is H 2 0 2 :H 2 0 = 1:5 with the hydrogen peroxide- 
water mixture. The volume ratio is H 2 S0 4 : H 2 0 2 : H 2 0 = 7:2:1 
with the sulfuric acid-hydrogen peroxide-water mixture. 
Moreover, it is HC1:H 2 0 2 :H 2 0 = 1:1:5 with the hydrochloride 
acid-hydrogen peroxide-water mixture. Etching was performed 
with the respective mixture temperature being within a 
temperature range of 40 to 50°C. The determination method is 
as follows: For instance, in order to determine the etching 
rate when TiN film is etched using an ammonia-hydrogen 
peroxide-water mixture, a wafer on which a TiN film has been 
formed to a film thickness of 2,000 A is washed for 30 
seconds with an ammonia-hydrogen peroxide-water mixture 
under the above-mentioned conditions and then the film that 
remains after washing is determined by fluorescent light X- 
rays. This same treatment is repeated several times and the 
etching rate is determined. The etching rate is determined 
by the same method as the above-mentioned method with other 
solutions and etched films. 
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Table 1 





TIN film 


Co film 


CoSi layer 


Ammonia -hydrogen peroxide 
-water mixture 


107 A/min 


4 . 7 A/min 


2 . 6 A/min 


Hydrogen peroxide-water 
mixture 


37.4 A/min 


0 A/min 


0 A/min 


Sul f uric acid-hydrogen 
peroxide-water mixture 


5 A/min 


At least 
1000 A/min 


0 A/min 


Hydrochloric acid-hydrogen 
peroxide-water mixture 


9 A/min 


At least 
1000 A/min 


0 A/min 



As shown in Table 1, the etching rate on the titanium 
nitride film, cobalt film, and CoSi layer with an ammonia- 
hydrogen peroxide-water mixture was 107 A/min, 4.7 A/min, 
and 2.6 A/min, respectively, the etching rate on the 
titanium nitride film, cobalt film and CoSi layer with a 
hydrogen peroxide-water mixture was 37.4 A/min, 0 A/min, and 
0 A/min, respectively, the etching rate on the titanium 
nitride film, cobalt film and CoSi layer of a sulfuric acid- 
hydrogen peroxide-water mixture was 5 A/min, at least 1,000 
A/min, and 0 A/min, respectively, and the etching rate on 
the titanium nitride film, cobalt film and CoSi layer of a 
hydrochloric acid-hydrogen peroxide-water mixture was 9 
A/min, at least 1,000 A/min, and 0 A/min, respectively. 

It is clear from the above-mentioned results that 
although the etching rate of the ammonia-hydrogen peroxide- 
water mixture is slow, the CoSi layer is etched. 
Consequently, when the cobalt layer and CoSi layer come into 
contact with the etching liquid after etching the titanium 
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nitride and titanium, the cobalt film and CoSi layer are 
etched where the titanium nitride film is thin and film 
thickness becomes even thinner. 

In contrast to this, since the etching rate on the 
cobalt film and CoSi layer with a hydrogen peroxide-water 
mixture is 0 A/min, there is no danger of etching the CoSi, 
even where the titanium nitride film is thin. 

First Embodiment 

Next, the method of producing semiconductor devices (or 
elements) of the first embodiment will be described while 
referring to Figure 1. 

Figure 1(A) through Figure 1(F) are cross sections for 
describing the production processes involved in the method 
of producing semiconductor devices of the first embodiment. 

As shown in Figure 1(A), diffusion layer 12 and field 
insulation film 14 are formed on the surface region on the 
top of silicon substrate 10 and further, gate insulation 
film 16 is formed on the top of substrate 10 and gate 
electrode 18 is formed with polysilicon on the top of gate 
insulation film 16, as with prior art. Side walls 19 are 
then formed as usual on the sides of gate electrode 18. 

Next, as shown in Figure 1(B), cobalt film 20 is formed 
by sputtering to an appropriate thickness within a range of 
5 to 20 nm so that substrate 10, diffusion layer 12, field 
insulation film 14, gate insulation film 16, gate electrode 
18, and side walls 19 are covered. Then titanium nitride 
film 22 is formed as cap film by sputtering to an 
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appropriate thickness within a range of 10 to 100 nm so that 
the top of cobalt film 20 is covered. 

Next, as shown in Figure 1(C), first RTA treatment is 
performed at a temperature within a temperature range of 
450°C to 600°C between each of cobalt film 20 adjoining 
diffusion layer 12 and diffusion layer 12 and cobalt film 20 
adjoining gate electrode 18 and gate electrode 18 to form 
CoSi layers 24a, 24b and 26 as a result of the reaction. 
Part of cobalt film 20 adjoining field insulation film 14 
and side walls 19 remains as unreacted cobalt film after 
this RTA treatment. 

Next, as shown in Figure 1 (D), titanium nitride film 
22 is removed using a hydrogen peroxide-water mixture, here 
for instance, a hydrogen peroxide-water mixture with a 
concentration of 20 vol% hydrogen peroxide in terms of water 
(H 2 0 2 :H 2 0 = 1:5 (volume ratio)). 

Then, as shown in Figure 1(E), the unreacted cobalt 
film 20 is removed using a sulfuric acid-hydrogen peroxide- 
water mixture or a hydrochloric acid-hydrogen peroxide-water 
mixture. Here, the film is removed using, for instance, a 
sulfuric acid-hydrogen peroxide-water mixture with a 
concentration of 20 vol% sulfuric acid to water and 20 vol% 
hydrogen peroxide to water (H 2 S0 4 : H 2 0 2 : H 2 0 = 1:1:5 (volume 
ratio) ) . CoSi layers 24a, 24b and 26 remain after this 
removal . 

Finally, as shown in Figure 1(F), the remaining CoSi 
layers 24a, 24b, and 26 are reacted with the silicon Si of 
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the substrate and the gate electrode by performing the 
second RTA treatment at a temperature within a temperature 
range of 750°C to 900°C to form CoSi 2 layers 24a 1 , 24b', and 
26' . 

Thus, it is possible to control etching on the CoSi 
layer by using the production method of the present 
invention and therefore, it is possible to remove the 
titanium nitride film without thinning the cobalt film and 
CoSi layer, even if etching liquid comes into contact with 
the cobalt film and CoSi layer during etching of the 
titanium nitride film. 

Consequently, it is possible to avoid a subsequent 
increase in sheet resistance and an increase in fluctuations 
in resistance of the CoSi 2 that has been formed by the second 
RTA treatment. 

Titanium film can also be used in place of the titanium 
nitride film. 

Furthermore, by means of the first embodiment, etching 
was performed with the temperature of each mixture being 
within a temperature range of 40°C to 50°C, but it is also 
possible to adjust the etching rate by increasing the 
mixture temperature when an increase in the etching rate is 
desired, by reducing the mixture temperature when a 
reduction in the etching rate is desired, etc. 
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Second Emboriimpnt 

The method of producing semiconductors of a second 
embodiment of the present invention will be described while 
referring to Figure 2. 

Figure 2(A) through Figure 2(G) are a flow chart for 
describing the method of producing semiconductor devices of 
a second embodiment of the present invention. 

As shown in Figure 2 (A) , diffusion layer 52 and field 
insulation film 54 are formed on the surface region on the 
top of silicon substrate 50, while gate insulation film 56 
is formed on the top of substrate 50 and polysilicon gate 
electrode 58 is formed on the top of gate insulation film 
56. Then side walls 59 are formed as usual on the sides of 
gate electrode 58. 

Next, as shown in Figure 2(B), cobalt film 60 is formed 
by sputtering to an appropriate thickness within a range of 
5 to 20 nm so that substrate 50, diffusion layer 52, field 
insulation film 54, gate insulation film 56, and gate 
electrode 58 are covered. Then titanium nitride film 62 is 
formed as the cap film by sputtering to an appropriate 
thickness within a range of 10 to 100 nm so that the top of 
cobalt film 60 is covered. 

Next, as shown in Figure 2(C), first RTA treatment is 
performed at a temperature within a temperature range of 
450°C to 600°C between each of cobalt film 60 adjoining 
diffusion layer 52 and diffusion layer 52 and cobalt layer 
60 adjoining gate electrode 58 and gate electrode 58 to form 
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CoSi layers 64a, 64b, and 66 as a result of this reaction. 
Part of cobalt film 60 adjoining field insulation film 54 
and side walls 59 remains as unreacted cobalt film after 
this RTA treatment. 

Next, as shown in Figure 2(D), titanium nitride film 62 
is removed using an ammonia-hydrogen peroxide-water mixture, 
with the concentration here being, for instance, 20 vol% 
ammonia in terms of water (NH 3 : H 2 0 2 : H 2 0 = 1:1:5 (volume 
ratio)), only for a time with which the CoSi layer will not 
be exposed, even where film thickness is thinnest. 

For instance, in the case of titanium nitride film 
thickness of 300 A, etching time is set to the time in which 
100 A titanium nitride film is etched, with the part of 
thinnest film thickness being 150 A. By means of this 
example, the etching rate on titanium nitride film of an 
ammonia-hydrogen peroxide-water mixture is 107 A/minute, as 
shown in Table 1, and therefore, etching should be performed 
at an etching time of 56 seconds. Thus, the time should be 
set so that etching liquid will have no effect on the cobalt 
film or CoSi layer on the bottom of the titanium nitride 
film after pre-determining the thinnest titanium nitride 
film thickness. 

Next, as shown in Figure 2(E), the remaining titanium 
nitride film 62 in Figure 2 (D) is removed using a hydrogen 
peroxide-water mixture with the concentration here being 20 
vol% hydrogen peroxide in terms of water (H 2 0 2 :H 2 0 = 1:5 
(volume ratio) ) . 
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Then, as shown in Figure 2 (F), the unreacted cobalt 
film 60 is removed using a sulfuric acid-hydrogen peroxide- 
water mixture or hydrochloric acid-hydrogen peroxide-water 
mixture. Here film is removed using, for instance, a 
sulfuric acid-hydrogen peroxide-water mixture with a 
concentration of 20 vol% sulfuric acid in terms of water and 
20 vol% hydrogen peroxide in terms of water (H 2 S0 4 : H 2 Oo : H 2 0 = 
1:1:5 (volume ratio)). 

Finally, CoSi layers 64a, 64b and 66 are reacted by 
performing a second RTA treatment at a temperature within a 
temperature range of 750°C to 900°C and CoSi 2 layers 64a 1 , 
64b', and 66' are formed, as shown in Figure 2(G). 

Moreover, titanium film can be used in place of the 
titanium nitride film- 
Production can be accomplished more quickly than by the 
processes in the first embodiment by using this type of 
production method. 

Furthermore, although etching was performed at a 
mixture temperature within a temperature range of 40°C to 
50°C in the second embodiment, it is possible to control the 
etching rate by increasing the mixture temperature when an 
increase in the etching rate is desired, by reducing the 
etching mixture temperature when a reduction in the etching 
rate is desired, etc. 

By changing from an ammonia-hydrogen peroxide-water 
mixture to a hydrogen peroxide-water mixture for the etching 
liquid used in the removal of titanium nitride film of the 
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method of producing semiconductor devices of the present 
invention, it is possible to control the rate of etching on 
the CoSi layer and to prevent thinning of the CoSi 2 layer and 
obtain good sheet resistance with the diffusion layer and 
gate electrode. 

Moreover, since the etching rate on titanium nitride 
film of the ammonia-hydrogen peroxide-water mixture is 
greater than the hydrogen peroxide-water mixture, the 
titanium nitride film can be removed using an ammonia- 
hydrogen peroxide-water mixture before etching the thinnest 
parts of the film and then the remaining titanium nitride 
film can be removed using a hydrogen peroxide-water mixture 
so that curtailment of production time can be expected 
while only obtaining good sheet resistance of the diffusion 
layer and gate electrode. 
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